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Abstract

Background: Orofacial pain is a form of inflammatory pain usually treated with corticosteroids, which have
many side effects.

Objective: The aim of this study was to investigate the clinical and histological profile of antinociceptive effects
of hydroalcoholic extract of caper (Capparis spinosa) for the first time in the orofacial region.

Methods: This experimental study was carried out at Babol University of Medical Sciences in 2018. Thirty-six
male Wistar mice were divided into 6 groups: The first group received saline, the second group received
dexamethazone, and four groups received different doses (10, 20, 50, 100 mg/kg) of caper extract. In the formalin
test, 1% formalin solution was injected into the right submucosal layer of the lip and lateral area of the nose. Pain
intensities were recorded at 5-min blocks for 60 min after injection. Dose effect of caper on pain was recorded.
The mice were euthanized and the oral area was biopsied and stained with Hematoxylin-eosin, Toluidine blue,
and Congo red. Data were analyzed using repeated measures ANOVA and t-test by IBM-SPSS version 20.
Results: Caper produced antinociceptive effects in comparison with saline groups (p<0.001). Dose effect on pain
was significant (p<0.001). The highest antinociceptive effect was observed in the caper group receiving 100
mg/kg of agent 15-20 minutes after injection. The highest pain level was observed in the group that received 20
mg/kg of caper (p<0.001). Dexamethazone antinociceptive effect was greater than that of the saline and the dose
of 20 mg/kg of caper (p<0.001). Antinociceptive effects in two groups (100 mg caper and dexamethazone) were
equal (p>0.999). Histopathologic examination revealed the highest thickness of epithelium, fibrous, and muscular
tissue density and the lowest inflammatory infiltration at the dose of 100 mg/kg of caper.

Conclusion: The results of the present study suggest that hydroalcoholic extract of caper possesses
antinociceptive activity in a dose-dependent manner and caper-induced antinociception might be mediated, at
least in part, by anti-inflammatory effects.
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1. Introduction

Pain is an unpleasant form of compensatory response to tissue damage. Orofacial pain is usually caused by any
irreversible damage to the tissues by free radicals and increase in production of inflammatory mediators (1).
Orofacial pain that is felt in the mouth, face, and head include inflammatory pains such as pulp pain,
temporomandibular disorders (TMD), trigeminal neuralgia, facial atypical pains, oral burning syndrome, pain due to
cancer, and periodontal problems that cause disability, weakness, and discomfort for the patient (2). The trigeminal
nerve and its ganglion innervate the orofacial region (3). Failure to recognize the mechanism of inflammatory and
neurological pain leads to inability to provide adequate pain management (4).

Although nowadays opioids, antidepressants, and non-steroid anti-inflammatory drugs are used in the treatment of
chronic orofacial pain, their application is not satisfactory due to their adverse side effects. Long-term use of opioids
leads to dependence, euphoria, and tolerance. Long-term treatment or high levels of corticosteroids may result in
indigestion, muscle weakness, fluid retention, stomach bleeding, osteoporosis, obesity, heart failure, respiratory
problems, anemia, liver damage, and Stevens-Johnson syndrome (5-7). Therefore, researchers have suggested use of
traditional medicine as a tried and useful method of pain and inflammation management (8).

The caper bush (Capparis spinosa) is a plant used in traditional medicine, which is native to central and western Asia
and circum-Mediterranean countries including Iran, Cyprus, Greece, and Turkey. In Iran, it grows in dry and warm
areas, especially in Baluchestan, Kerman, Ilam, Bushehr, and Yazd. In traditional medicine, the leaves, roots, and
flower buds are used in the treatment of diabetes, rheumatism, abdominal pain, and cancer due to their effects in
enhancement of the function of the immune system and anti-inflammatory, antibacterial, anti-viral, antioxidant, and
anti-obesity effects. The plant is also effective in differentiating chondrocytes and bone repair (8, 9).

Most previous studies have investigated the anti-inflammatory and antioxidant properties of caper (8-10). Orofacial
formalin test is a practical, repeatable, and easy method that can be used to quantitatively measure the
antinociceptive effect of a drug in the trigeminal region in mice (11). Since the mechanism of action of caper is not
fully understood, in this study, the clinical and histological effects of caper on orofacial pain were evaluated.

2. Material and Methods

2.1. Research design

In this experimental study, 36 male Wistar mice (12 male) (weighing approximately 18-24 g) were studied in a
laboratory of Babol University of Medical Sciences in 2018. The animals were kept in a calm and isolated room (the
light/dark cycle was set at 12:12 hours) in separate cages with easy access to water and food. The laboratory
temperature and humidity was kept at 23+2 °C and 50%, respectively. The animals were divided into six groups,
which included a saline group (negative control) that received intraperitoneal injection of normal saline (0.1 mg/kg),
the same volume of caper, 30 minutes before the formalin test. The treatment groups received intraperitoneal caper
extracts at doses of 10, 20, 50, 100 mg/kg, 30 minutes before the formalin test (11). The positive control group
(group 6) received intraperitoneal dexamethazone (10 mg/kg).

2.2. Preparation of caper hydroalcoholic extract

First, 320 g of stems and leaves of the caper bush were dried separately at 25 °C. Then, they were powdered in a
grinder and 100 g of powder was added to one liter of argon and ethyl alcohol 75% was added. The solution was
filtered after 72 hours and condensed in a vacuum distillation machine at 50 °C and a rotary speed of 70 rpm to 1/3
of its initial volume. Using a percolation method, a 50 cc extract was obtained. The extract was diluted with saline
for later use (11). All the extraction steps were performed in sterile containers and the extract was autoclaved at the
end of the extraction process. To prepare different concentrations of caper extract based on the weight of the animals
in each group, a certain amount of the extract was weighed and then dissolved in an appropriate amount of sterile
saline, given that the volume of injection was 10 ml/kg. Each animal was injected with the diluted caper solution in
proportion to its weight.

2.3. Formalin test

The formalin test is a standard test for measuring pain response and is determined by the sum of time (in seconds)
that the animal scratches, licks, or bites the formalin injection site. The times are measured every 5 minutes, and the
numerical value represents the amount of pain (12, 13). After placing the animal on a glass plate, 2% formalin at a
volume of 50 pL was injected into the right submucosal tissue of the upper lip, lateral to the nose using a 26 gauge
needle. Pain intensities were recorded at 5-min blocks for 60 min after injection. The severity of pain was calculated
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based on the number of times the animal scratched its lip by foot or hand, and photographed by a camera attached to
a computer (14).

2.4. Histopathological evaluation

The mice were then euthanized and biopsy was prepared from their lips. The severity of inflammatory infiltration
was considered qualitatively (as mild, moderate, and severe). Blood vessel density was measured by Hematoxylin-
eosin staining, mast cell density was determined by Toluidine blue staining and eosinophil distribution was
evaluated by Congo red staining. The mean density of mast cells was measured in 4 microscopic fields with (x40)
(15). The mean density of eosinophils was measured in 10 microscopic fields (x40) (16).

2.5. Statistical analysis
The results were recorded in IBM© SPSSO Statistics version 20 (IBM© Corp., Armonk, NY, USA) and analyzed
using repeated measures ANOVA and t-test. P-value <0.05 was considered significant.

2.6. Ethics of research
This study was approved by the Ethics Committee of Babol University of Medical Sciences (Ref:
MUBABOL.REC.1394.268).

3. Results

3.1. Pain modulatory effects of Capparis spinosa extract

The effects of different doses of caper were evaluated at different times and compared with the saline group. There
was a statistically significant difference between the caper group and the saline group. Caper reduced pain compared
to the saline group. The dose effect on the pain measured at different times was significant (df=6, F=11.9, p<0.001).
The severity of pain in the dexamethazone group was lower than that of the saline group and the group receiving
caper extract at 20 mg/kg (p<0.001). The highest antinociceptive effect was observed in the caper group at 100
mg/kg, with the dexamethazone recipient group coming after that, but the difference was not statistically significant
(p>0.05). In terms of time, the highest pain reduction was observed in all the groups at 15-20 minutes. The highest
and lowest pain severity were observed in the groups that received 20 and 100 mg/kg of caper, respectively (Table 1,
Figure 1).

3.2. Histopathological findings

3.2.1. Hematoxylin-eosin staining

The highest density of fibrous and muscle tissues and the highest epithelium thickness, which are signs of tissue
repair, were observed at the dose of 100 mg/kg of caper. The lowest collagen density and loose connective tissue
and myxomatous and the lowest thickness of epithelium and muscle tissue were observed at the dose of 20 mg/kg of
caper (Figure 2).

3.2.2. Inflammatory infiltration:

The lowest inflammatory infiltration was observed at the dose of 10 mg/kg of caper and the highest chronic
inflammatory infiltration was observed at the dose of 20 mg/kg (p<0.001)

3.2.3. Blood vessel density

The lowest blood vessel density was observed in the group that received 100 mg/kg of caper extract. However, no
statistically significant difference was observed between the groups (p=0.057).

Table 1. Mean value of pain (number of rubbing) in acute (0-5 minutes) and chronic pain (6-60 minutes)

Treatment Time (minutes)

0-5 20-25 30-35 40-45 50-55 60-65
Saline 35+12.2 33+16.9 23.5+18.6 | 33.3£33.03 | 19.8+39.4 | 12.3£17.5
Dexamethazone | 0.33+0.81 | 9+9.91 4.5+5.54 | 2.33+2.33 1.3£2.8 1.3£3.2
10 0.83+£2.04 | 6.6+6.1 2.1+4.4 15.3+8.04 | 3.3+5.2 7.3£11.6
20 47.3+£25.4 | 36.6£16.6 | 4£5.05 6.1£6.6 53.3436.5 | 32+62.6
50 16.3+£10.8 | 7.3+£6.5 23.5+£20.7 | 9.5+6.5 8.6£11.8 | 2+3.1
100 2.33£3.6 | 4.5£5.8 6.5£10.4 | 8.3£13.2 0 1£2.4
p-value <0.001 <0.001 0.009 0.023 0.002 0.346
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Figure 1. Comparison of mean value of pain (number of rubbing) in 6 groups in acute and chronic phase (saline,
dexamethazone, caper10, 20, 50, 100)
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Figure 2. Hematoxylin-eosin staining in a) saline group (x10), b) dexamethasone group (x10), ¢) 20 mg/kg caper
group (x10), Loose connective tissue was seen, d) 100 mg/kg caper group (x10), Fibrous connective tissue was seen,
e) 100 mg/kg caper group (x40), Fibrous connective tissue was seen
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3.3. Toluidine blue staining (mast cell density)
Although the highest density of mast cells was observed in the group receiving 20 mg/kg of caper extract, there was
no statistically significant difference between the groups regarding the density of mast cells (p=0.084) (Figure 3).

Bl /s

Figure 3. Toluidine blue staining in a) saline group (x10), b) dexamethazone group (x10), ¢) 20 mg/kg caper group
(x40), increased mast cell density in connective tissue was seen, d) 100 mg/kg caper group (x40), decreased mast
cell density in connective tissue was seen

3.4. Congo red staining (eosinophil density)

Except for a few eosinophils that were observed in the 20 mg/kg group, no eosinophils were observed in the
microscopic slides. There was no statistically significant difference between groups in terms of eosinophil density
(p>0.05) (Figure 4).

AL

Figure 4. Congo red staining in a) saline group (x10), No ev1dence of eosinophil, b) dexamethazone group (x10),
No evidence of eosinophil, ¢) 20 mg/kg caper groups (x40), No evidence of eosinophil, d) 100 mg/kg caper groups
(x40), No evidence of eosinophil

4. Discussion

Today, NSAIDS are used for control of pain. These drugs have many side effects and drug dependence. Medicinal
plants have many therapeutic effects and low side effects. These are available and inexpensive. Thus, much attention
has been paid toward herbal therapy. Capparis spinosa is a plant which is used in herbal therapy. Capers have
antioxidant and anti-inflammatory effects (5-7); but their antinociceptive effects have not proven in orofacial pain.
From the results of this study, it seems that caper hydroalcoholic extract has antinociceptive effects in orofacial pain
and its effect is dose-dependent, in that the highest antinociceptive effect was observed at the dose of 100 mg/kg and
at 15-20 minutes. In other words, the mechanism of effect of caper hydroalcoholic extract is to stop the pain in the
second phase. Gandomani et al. reported that Avicenia Marina in mice has anti-nociceptive properties with formalin
test. They confirmed its effect may be because of flavonoid and tann compounds in plants, which have
antinociceptive effects (17). The results of their studies are consistent with our findings. Arslan et al. reported that
methanol extract of Capparis ovata has antinociceptive effects both at the peripheral and central levels. Its
antinociceptive effect is at the dose of 50 mg/kg. In our study, antinociceptive effect of caper was at the dose of 100
mg/kg (18). It is argued that the main cause of orofacial pain is the release of inflammatory mediators in the region.
The caper extract has anti-inflammatory function because of the presence of flavonoids (11). In the histopathologic
section of this study, the highest anti-inflammatory effect was observed at the dose of 10 mg/kg of caper. Flavonoids
are found in the leaves and roots of plants and can pass the blood-brain barrier and exert their antinociceptive effects
through central alpha-adrenergic and GABAergic receptors. They inhibit cyclooxygenase in damaged tissues and
prevent the production of prostaglandins (17). Shen et al. suggested (19) that flavonoids inhibit prostaglandin E
production from arachidonic acid by inhibiting tumor necrosis factor and cyclooxygenase. Flavonoids reduce
calcium accumulation in cells, which leads to a decrease in the activity of the nitric oxide synthase and
phospholipase A,. It has been reported that caper hydroalcoholic extract prevents the expression of inflammatory
cytokines such as TNFa, ILB, ILs, LTB4, superoxide anion, and IL4 (20).
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In the pathology section of the present study, the dose of 100 mg/kg of caper hydroalcoholic extract reduced
inflammatory infiltration, increased fibrosis tissue, increased epithelial thickness, and increased muscle tissue. But at
the dose of 20 mg/kg, a decrease in fibrous tissue, increased inflammatory infiltration, and decreased thickness of
the epithelium and muscle tissue was observed. It seems that caper is effective in tissue repair and preventing pain
and inflammation. The compounds in the caper extract also promote the growth of fibroblasts.

In this study, no statistically significant difference was observed between the groups in terms of blood vessel
density. We assume that more accurate results will be obtained by increasing the sample size and application of
specific immunohistochemistry staining with markers for the identification of blood vessels. Other studies have
shown that caper hydroalcoholic extract increases pre-synaptic terminals of inflammatory neurotransmitters and the
opening time of these terminals that leads to an increase in the level of related chemical mediators. Caper inhibits
function of NF-xB, COX; and COX,, and reduces pain by increasing noradrenaline in the hippocampus (8). Since
the function of mast cells and eosinophils in the antinociceptive effect of caper is still unknown, we used Toluidine
blue and Congo red for the identification of mast cells and eosinophils. A reduced number of mast cells was
observed at the dose of 100 mg/kg, but the difference was not statistically significant. We assume that more accurate
results may be obtained by increasing the sample size. With present results, it seems that the role of mast cells in
antinociceptive effect of caper is more prominent than the eosinophils. Due to the lack of eosinophils presence in the
samples, it can be said that eosinophils play a role in allergic hypersensitivity and parasitic infections (16). Mast
cells are an important source of inflammatory mediators and cytokines, which promote the inflammatory and
vascular changes (11). Caper at a dose of 100 mg/kg could produce antinociceptive effects by reducing the number
of mast cells. Since caper reduces the oxidative stress, it can prevent the main contributing factors of tissue damage
by preventing the production of free radicals. This effect of caper is due to having high levels of quercetin. Caper
also has an antioxidant effect and can produce an antinociceptive effect by inhibiting nitric oxide (11, 20).

5. Conclusions

The results of the present study suggest that hydroalcoholic extract of caper possesses antinociceptive activity in a
dose-dependent manner and caper-induced antinociception might be mediated, at least in part, by anti-inflammatory
effects.
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